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What is claimed: 

/ \ 1 . A semiconductor device having a non- volatile memory transistor having a 
*f spkfstructuref the semiconductor device comprising: 

a semiconductor substrate of a first conductivity type having a memory region; 
fijsfr^yell of a second conductivity type located in the memory region; and 

Mid well of a first conductivity type located in the first well, wherein the non- 
)latile mdmory transistor includes a source and drain that are located in the second well. 




2. A semiconductor device having<ahon- volatile memory transistor according 
10 to claim 1, wherein the non- volatile m^rrfory transistor is operated using voltages selected 

from the group consisting of posjt-r^e and negative voltages. 

/ . . 

3. A semiconductor device having a non- volatile memory transistor according 
to claim 2, wherehyfhe operation of the non- volatile memory transistor includes writing 

15 and/or erasing data in the non- volatile memory transistor. 

/fl 4./ A semiconductor device having a non- volatile memory transistor according 
tdclahtfi 2/whfrein the semiconductor substrate is a p-type, the first well is an n-type, the 
secdnd well i$ s a-p=type, and each of the pair of source and drain is an n-type. 

s 

5. A semiconductor device having a non/volatile memory transistor according 
to claim 2, wherein, 

for writing data in the non-volatile^nemory transistor, a voltage in an opposite 
polarity is applied to the control gate^^voltage in one polarity is applied to one of the source 
25 and the drain, a voltage in the onpmite polarity is applied to the other of the source and the 
drain, a voltage in the opposite polarity is applied to the second well, and a voltage in the 
one polarity is applied to^ffie first well, and 

for erasing da£a in the non-volatile memory transistor, a voltage in the one polarity is 
applied to the control gate, a voltage in the opposite polarity is applied to one of the source 
30 and the drain, a^oltage in the opposite polarity is applied to the other of the source and the 
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lied to the second well, and a voltage in the 



drain, a voltage in the opposite polarih 
one polarity is applied to the^firSfwell. 



li ^ ^ ^ I ^ sem * con( * uctor ^ ev ^ ce having a non- volatile memory transistor according 
5 to claim 5, Wherein 

fo/writing data in the non- volatile memory transistor, a voltage of -3 V through —4 
V is applied to the control gate, a voltage of +3 V through +4 V is applied to one of the 
sourae and the drain, a voltage of -5 V through -6 V is applied to the other of the source and 
the^drain, a voltage of -5 V through -6 V is applied to the second well, and a voltage of +0.9 
10 y through +3.3 V is applied to the first well, and 

for erasing data in the non- volatile memory transistor, a voltage of +6V through +7 
Vis^ap^lied to the control gate, a voltage of -5 V through -6 V is applied to one of the 
sSUrcfe and the drain, a voltage of -5 V through -6 V is applied to the other of the source and 
the drain, a voltage of -5 V through -6 V is applied to the second well, and a voltage of +0.9 
15 V through +3.3 V is applied to the first well. 
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7. A semiconductor device havj#?f a non-volatile memory transistor according 
to claim 3, wherein data is written in tlj^non- volatile memory transistor by channel hot 
electrons, and data is erased by Fg^er Nordheim Tunneling. 



8. A semiconductor device having a non- volatile memory transistor according 
to claim 1, wherein ^e source and drain have an impurity concentration of 1 - 8 x 10 20 cm" 
\ the second wej/has a surface impurity concentration of 0.5 - 5 x 10 16 cm -3 , and the 
second wel^fas a peak impurity concentration of 1 - 4 x 10 17 cm" 3 . 

^ 9. /k semiconductor device having a non-volatile memory transistor according 

to claim l 5/ wherein the non- volatile memory transistor has a first gate insulation layer, a 
second gate insujafyin layer, a floating gate, a control gate and an intermediate insulation 
layej^fimctionid^i^ insulation layer, wherein 
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the^irst gate insulation layer and the second gate insulation layer are located above 
the second well and between one of the pair of source and drain and the other of the pair of 
sourc/and drain, 

the floating gate is located above the first gate insulation layer, 
/ intermediate insulation layer is located above the floating gate, and 
^(Jhepontrol gate is located above the second gate insulation layer and rests on the 
floating gate through the intermediate insulation layer. 



10. A semiconductor device having a non- volatile memory transistor according 
10 to claim 9, wherein 

the semiconductor substrain includes first, second and third transistor regions 
including field effect transistors that operate at different voltage levels, wherein 

the first transistor region incl\des a first voltage-type transistor that operates at a first 
voltage level, 

15 the second transistor region incites a second voltage-type transistor that operates at 

a second voltage level, and 

the third transistor region includes \ third voltage-type transistor that operates at a 
third voltage level, 

wherein the second voltage-type transistor has a gate insulation layer formed from at 
20 least two insulation layers, and includes an insulation layer that is formed in the same step in 
which a gate insulation layer of the first voltageVype transistor is formed. 



25 



11. A semiconductor device having a nan- volatile memory transistor according 
to claim 10, wherein the third voltage-type transistonnjas a gate insulation layer formed from 
at least three insulation layers, and includes an insulaticgi layer that is formed in the same 
step in which the gate insulation layer of the first voltage-tW transistor is formed. 
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12. A semiconductor device iaving a non- volatile memory transistor according 
to claim 11, wherein the intermediate insulation layer of the non- volatile memory transistor 
is formed from at least three insulatioiy layers, wherein first and second outermost layers of 
the three insulation layers respectively contact the floating gate and the control gate and are 

5 formed from a thermal oxidation method. 

13. A semiconductor device having a non- volatile memory transistor according 
to claim 12, wherein the second outermost layer that contacts the control gate of the 
intermediate insulation layer is fclmed in the same step in which the gate insulation layer of 

10 the first voltage-type transistor is formed. 

14. A semiconductor device having a non- volatile memory transistor according 
to claim 12, wherein the intermediate insulation layer includes an insulation layer between 
the first and the second outermost layers, that is formed by a CVD method. 
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A semiconductor device having a non- volatile memory transistor according 
wherein the silicon oxide layer is formed by the CVD method selected from a 
grouB^or^g ^g^ of a HTO (high temperature oxide) method and a TEOS (tetraethyl 
ortnosilicate) method. 




16. A semiconductoiyaevice having a non- volatile memory transistor according 
to claim 10, wherein the third /oltage-type transistor has a gate insulation layer formed in 
the same step in which the intermediate insulation layer of the non- volatile memory 
transistor is formed, the gare insulation layer of the third voltage-type transistor being 

25 formed from at least thre/ insulation layers. 

17. A semiconductor device having a non- volatile memory transistor according 
to claim 10, wherein ithe first voltage-type transistor has a gate insulation layer having a film 
thickness of 3 - 13 nm. 
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18. A semiconductor device having a nonvolatile memory transistor according 
to claim 10, wherein the second voltage-type trap^istor has a gate insulation layer having a 
film thickness of 4 - 15 nm. 

5 1 9. A semiconductor devi^ having a non- volatile memory transistor according 

to claim 10, wherein the third vojtage-type transistor has a gate insulation layer having a 
film thickness of 16 - 45 nm > 

20. A semiconductor device having a non- volatile memory transistor according 
10 to claim 10, whereha^he non- volatile memory transistor has an intermediate insulation layer 
having a film thiocness of 16 - 45 nm. 
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21/ A semiconductor device having a non- volatile memory transistor according 
to clairj/12, wherein the first outermost layer that forms the intermediate insulation layer of 
the n6n- volatile memory transistor has a film thickness of 5 - 15 nm, and the second 
oi/ermost layer has a film thickness of 1 - 10 nm. 



22. jA semiconductor device having a non- volatile memory transistor according 
to «!faim l^fwherein the first outermost layer that forms the intermediate insulation layer of 
20 the npif-ypiatrip memory transistor has a film thickness of 5 - 15 nm, and the second 
otftennosMflyer has a film thickness of 1 - 10 nm, and the silicon oxide layer formed 
)etween thelBrsfand the second outermost layers has a film thickness of 10 - 20 nm. 



23. A serrugtfnductor device having a non- volatile memory transistor according 
25 to claim 1, fiuthepxomprising a selective oxide insulation layer formed by a selective 
oxidation on the floating gate. 



30 



30 



Express Mail No. EL 484 106 769 US 



15.17/5051 



5 and 



24. f A semiconductor device having a non- volatile memory transistor according 
wherein 

first voltage level that operates the first voltage-type transistor is 1.8 - 3.3 V, 
e second voltage level that operates the second voltage-type transistor is 2.5 - 5 V 5 



the third voltage level that operates the third voltage-type transistor is 10 - 15 V. 
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25. A semiconductor device having a non- volatile memory transistor according 
to cliim 10, further comprising at least a flash-memory (flash EEPROM), wherein the flash- 
memory includes a memory cell array composed of non-volatile memory transistors and 
peripheral circuits formed therein. 
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26. A semiconductor device having a non-volatile memory transistor according 
Gm 257 further comprising another circuit region mixed together. 




11. ^'Semiconductor device having a non- volatile memory transistor according 
to claim 26, wherein the circuit region includes at least a logic. 
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28. A semiconductor device having a non-volatile memory transistor according 
to claim 25, wherein thellrst voltage-type transistor is included in at least one circuit 
selected from a group consisting of a Y-gate sense amplifier, an input/output buffer, an X- 
address decoder, a Y-address decoder, an address buffer and a control circuit. 



29. A semiconductor device having a non-volatile memory transistor according 
25 to claim 25, wherein the secon^oltage-type transistor is included in at least one circuit 
selected from a group consisting ^ a Y-gate sense amplifier, an input/output buffer, an X- 
address decoder, a Y-address decoder and an interface circuit. 
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30. A semiconductor device having a non-volatile memory transistor according 
to claim 25, wherein the third voltage-type transistor is included in aHeast one circuit 
selected from a group consisting of a voltage generation circuit, an erase voltage generation 
circuit and a step-up voltage circuit. 

31. A semiconductor device having a non- volatile memory transistor having a 
split-gate structure, the semiconductor device comprising: 

a semiconductor substrate of a first conductivity type having a memory region; 

a first well of a second conductivity type located in the memory region; 

a second well of a first conductivity^ype located in the first well, wherein the non- 
volatile memory transistor includes a source and drain that are located in the second well; 
and / 

wherein the non-volatile memory transistor having a split gate structure comprises a 
source, a drain, a gate insulation/layer, a floating gate, an intermediate insulation layer 
adapted to act as a tunnel insulation layer, and a control gate, wherein the intermediate 
insulation layer is composeef'of at least three insulation layers, wherein a first layer of the 
three insulation layers contacts the floating gate, a third layer contacts the control gate, and a 
second layer is located'between the first and third layers. 



32. A semiconductor device having a non- volatile memory transistor having a 
split-gate structure, the semiconductor device comprising: 

means^br performing an data writing operation using a first voltage of a first polarity 
and a data erasing operation using a second voltage of a second polarity opposite from that 
of the first polarity; 

^aid means including a substrate region selected from the group of a P-type substrate 
regioj/ and an N-type substrate region, a first well region of an opposite type than the 
suhftrate, a second well region of an opposite type than the first well, and a source and drain 
farmed in the second well. 
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